Introduction
Methods
Tree Selection and Log Measurement
The work described here demonstrates simple methods for simulating the wood product potential of small trees (5 to 10 inches in diameter at breast height [d.b.h.] ). We examine broad classes of products, such as structural and appearance-grade lumber, to answer questions about how well the existing resource is suited to the manufacture of those products. We anticipate that this type of analysis will complement analyses such as those described by Funck and Zeng (1999) that use optimization to evaluate specific manufacturing processes. The simulation methods used in this report are designed to identify the tree and stand characteristics associated with higher wood product potentials. Wang et al. (in press) use the same set of trees to evaluate the mechanical properties of the lumber recovered from small trees. Together our results and those of Wang et al. (in press) provide information useful in policy-level analyses that examine manufacturing opportunities for small-diameter trees from densely stocked stands in southwestern Oregon. Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) and ponderosa pine (Pinus ponderosa Dougl. ex Laws) trees were selected from the Applegate Ranger District on the Rogue River National Forest. One hundred forty-four ponderosa pine trees were chosen from areas designated as "No Name" and "Squaw Ridge" by ranger district staff for use in potential timber sales. One hundred forty-six Douglas-fir were identified from Yale Twin timber sale and an area designated as "Toe Top" that was being examined for an anticipated timber sale. Trees of both species ranged from 5 to 10 inches d.b.h.
Transit times for stress waves within each standing tree were measured and used in a companion study on mechanical properties (Wang et al., in press).
A subsample of six Douglas-fir and six ponderosa pine trees were selected (from the Toe Top and Squaw Ridge units) for destructive sampling. These 12 trees were given unique numbers, and their breast-height diameters were recorded to the nearest tenth of an inch. As trees were felled, their total height and height to a 4-inch top were recorded. The length, large-and small-end diameters, and bark thickness of each log also were recorded. Logs were tagged with unique numbers that identified the tree number and log position within the tree. The six Douglas-fir trees yielded 24 ten-foot logs and 1 six-foot log. The six ponderosa pine trees yielded 17 ten-foot logs.
All logs from these 12 trees were diagrammed to describe and locate knots for size, azimuth, and linear distance from the large end of the log (Barbour et al. 1999 ). This log diagram information was used to create a data file describing the log. The data file (.dat file) was used as input by the AUTOSAW sawing simulator (Todoroki 1990 (Wang et al., in press). After NDE data were collected, logs were sawn into 2 by 4 and 2 by 6 dimension lumber on a portable horizontal band sawmill. As logs were sawn, the position of the azimuth reference line on the log end was recorded, and the position of each piece of lumber sawn from each log was drawn on a diagram sheet showing an end view of the sawn log. The piece number (e.g., 22A, 22B, 22C for the first, second, and third piece removed from log 22) was written on each piece of lumber ( fig. 1 ).
After sawing, each piece of lumber was measured to obtain green thickness and width. The pieces were then tested for stress wave timing (longitudinal), transverse vibration, and static bending (Wang et al., in press). Lumber was stacked with stickers between each course and allowed to air dry until it reached a moisture content of approximately 15 percent. When dry, the lumber was planed to industry standard thickness and width (1.5 inches thick by 3.5 or 5.5 inches wide) for surfaced dry lumber.
The dry lumber was then tested in the same three ways as when green (transverse, longitudinal, and static bending) (Wang et al., in press).
After planing was complete, a lumber grading inspector from the Northeastern Lumber Manufacturers' Association examined each piece and awarded it two or three grades based on rules established by the American Lumber Standards Committee (2000) . Two by four lumber was graded by using "light framing" and "structural light framing" rules for visually graded lumber plus the "visual quality" rule for machine stress-rated lumber. Two by six lumber was graded by using the "joist and plank" rule for visually graded lumber plus the "visual quality" rule for machine stress-rated lumber. The reason each piece was not placed in the next higher grade also was recorded along with the assigned grades. This information was used in understanding the differences between the empirical grades and the grades assigned by AUTOSAW.
Sawing Simulation
Log diagram data were entered into the AUTOSAW sawing simulator. Sawing diagrams were used to duplicate sawing patterns for each log as nearly as possible (e.g., fig. 1 Even with aggregated data, AUTOSAW overestimates the higher quality component figure 2 and for ponderosa pine in figure 3 .
The results shown in these figures suggest that whereas warp decreased gross product value for both species, it was more important in pine than in Douglas-fir.
Alternative sawing strategies might substantially increase the gross dollar value per thousand board feet of the small-diameter resource. This is consistent with empirical results reported by Lowell and Green (2001 
